ISSN 1996-3955

MEXXOYHAPOOHbIW XXYPHAT
MPUKNAOHbBIX U
OYHOAMEHTAIJIbHbIX
WCCNEOOBAHUN

\: \\. \k \ \X\\
Nl i i

W

—
—
———

—

N2 12 2015



B OU3UKO-MATEMATHYECKHE HAYKU B 611

VIIK 530.145+620.3

YCTONUYNBOCTb CYBATOMHBIX COCTOSIHUI BOJIOPOJIA
Hesoann B.K.

Hayuonatehsiil ucenedosamensckiil yuusepcumen « MHIT», Mockea, e-mail: vkni@miee.ru

C NOoMOLIBI METONA TEOPHH BOIMY HieHHil noKa3aH

0, HTO IHEPrHA CBA3N f.“}'ﬁﬂl oMa BOAOPOLE ABANETCH MAK-

crManbholl no abeonioTHOI BEAHYHHE. yeToiiuHBOH K BOIMOKHBIM OCLMANSIMAM TPOTOHA B obnacTy cybatoMa
i yYORIBAET 10 KYIOHOBCKOMY 3AKOHY NIpH pavicTe yacTil, W3 nepedopMatipyemMoro HCXOHOro ypasuennd ipe-
AHRHIepa U8 C)-'ﬁa'['ﬂl\lllhix C(‘IC'IWHHﬁ K4« l\‘)'.'!OH{)BCKﬂM}' » BUOY, ¢lenana OlueHKa IHCPTH W CRAIM OCHOBHOIO COCTO-
anua cydaroma, B obinx Heprax obeysknaetes npobnema ofpazosanng cyGaroMos.

Knwuenbi€ CJI0BA: E_\'ﬁDTOHHHQ COCTORHHSA ATOMA BOAOPOIA, JHEPIHSA CBATH, MEeTHn BO]M}'MEHHﬁ

STABILITY OF SUB-ATOMIC STATE OF HYDROGEN
Nevolin V.K.
National Research University « MIET», Moscow, e-mail: vkni@miee.ru

The method of perturbation theory shows that the ener
value. is resistant to possible oscillations of the proton in U

gy of the sub-atomic hydrogen is the maximum absolute
he sub-atomic and decreases using the Coulomb law in

the expansion particles. From the source of the Schrodinger equation for a given sub-atomic state to the «Coulombn»
mean, assessment of the binding energy of the ground state of the sub-atomic particle. In general, discusses the

problem of the formation of sub-atoms.

Keywords: sub-atomic state hydrogen, binding energy, the perturbation method

B paGorax [1-3] noka3saHo, 4T0 arOM BOAO-
poZia MOJKET HaxoJUTCs B cy0aTOMHBIX COCTO-
quusix ¢ sHeprueii cessm g,~ 10° 9B. Cybarom-
Hble COCTOSHMSA aroMa BOJOPOAA BOSMOMKHBL
ecii cnpaBeunBa opmyina ae Bpoiins.

E=ho=m,c’

Cumbica aToii  dopmynibl  3aKNOMACTCA
B TOM, YTO 37€eMeHTapHas HacTuua ¢ Maccoil
nokosi m, TPEeACTaBiIseT coboil «crycTok»
3HEpPruM, KOTOPblii JOMKEH ABHrarbesi no
sakoHam KBaHTOBO# Mexauuku. Cybarom-
Hble COCTOSHHA aroMa BOAOPOAa BO3MOXKHBI
TOrda, KOraa PacCTOsHUA MENAY NMPOTOHOM
M 3MEKTPOHOM HACTOJIBKO Majbl, HTO TEPE-
KpbiBatoTCS 00nacTH HMX NPOCTPaHCTBEHHOMH
JloKanM3aliy, Bbi3BaHHbIE HATHHUEM c00-
CTBeHHOH KBAHTOBOH O3HEpPruu [ABHIKEHHA.
B stux paborax He Oblna uccae0BaHa ycTOM-
4YHBOCTH TAKHX COCTOAHMA TpU CMELICHHH
MIPOTOHA OTHOCHTEJIBHO LEHTPA BEPOSTHOCTH
coBCTBeHHOI JloKanu3auun dnekTpoxa. Pac-

=6 mﬁ ‘P;l rldr,sin®-d@
m <N SHo

B unterpane (3) r, — paanyc obnacTi, Ko-
TOpast HEAOCTYNHA JU1st cBODOIHOIO 3MIEKTPOHA.
OHa ompenesieTcss U3 YCJOBHS, UTO yrioBas
COCTAB/IAIONIAA FHEPriK JABWKEHUS HE JO/DKHA
MpeBbIIaTh ero MONHYI0 SHEPrHIo. B obnacti
JOKanu3alK cBOOOIHOTO 3/EKTPOHA HET oa-
PbEPOB H HE MOXKET OBITh Ty HHEJIbHbIX obnacreit
¢ oTpuLaTenbHoil JHepriel. ,, — ecTh BeJIHH-

cMOTpMM TMOAPOOHee 3TOT MpPHHUHIHANL
HbIli BOMPOC, OT KOTOPOrO 3aBHCHT BETHUNHA
3HEpruu CBA3M.

MocTaHOBKA 3a1a4H

Vpasnenne lllpeaunrepa And cybaroma
BOZOPO/A 3aNHCHIBAETCH B BHJE!
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e SE=E g,>0nE = m c? — SHHITEHHOB-
CKOE BBIpAKEHHE 715 FHEPTHHU T1OKOA JIEKTPO-
ua. Vpasuenue (1) ObUIO PELICHO METO/OM
TeopHH BO3MYLIEHWH B chepHyECKOi CHCTEME
koopauHaT u Obina HaiiieHa BOTHOBAA hyHK-
1115l HEBO3MYILIEHHOTO COCTOAHNSA JIEKTPOHA:

¥, (r.0,0)=CJ\ (1) r"?sin'?0-cos¢/2 (2)

3necs J(r,) — QyHKUnS Beccens nepso-
ro mopsjaka. f{anee HeoOXOMMMO BBIYHCTIATH
3HEpPTHIO CBA3M B BUJE:

¢/ [[[ ¥ ridnsin®-d6-do (3)

S Shg

Ha, ompejensemas MEPBbIM HYJIEM by HKUMH
Beccens J,(r,)) =0. [11oTHOCTE BEPOATHOCTH
HaxoA/IeHHs SMEKTpoHa B obmact 7| =7, AB-
nsiercss Hambonblueil. OTHOLIGHWE aMIUIHTY]L
nUIoTHOCTEH BepOSTHOCTEH B NepBOii NoMyBO-
He K aMIUTMTYIEe BO BTOPOH COCTaBIACT ~ 2.8.
«Obpe3aHue» WHTErpajioB CBS3aHO C TEM, HTO
cama 110 cee TIOTHOCTh BEPOATHOCTH CBOOOA-
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HOTO 3EKTPOHA MpeacTaBnser coboii HeomHo-
POHYIO CTOAUYHO BOJIHY.

Belunciaenue Heprum cBa3n

Ilycte npoton cmewaeTcs Ha paanyc d
OTHOCHMTENIbHO BEPOATHOCTHOIO LEHTpa JIo-
kanusauuu snektpona. Torma ypasuenue (1)
NepernuiIeTcs B BUIE:
Ly e’V

’F|+d’

A

=8EW(F +d
om Y(r+d), @

U1 B cepryeckoii cucteMe KOOpAWHAT
A ey

LY . e
2m, Jr?+d* =2r,dcos @

=8EY (7 +d) (5)

BekTtop cmelnenns d wanpasnen Baone
ocu z. bynem peluarts 370 ypaBHeHHe MeTO10M
BO3MYLICHHIA, CUMTAd, YTO KYNOHOBCKAs 3HEp-
sl B3aUMOJEHCTBHS 4acTHLl Maja Mo Ccpas-
HEHHIO C 3HHIITEHHOBCKOH 3Heprueii nokos
neKkTpoHa. Toraa npu BbIYMCIEHUH 3HEpPrum
CBA3M TaKoli CHCTeMbI cornacHo dopmyrne (3)
BO3HHMKAIOT HHTErpaJibi

to=e’ [[]

wenzn 1 +d* —2rd cos@

1 dr, sin© x

xd8-do/ [[[ Wordrsin®-a6-do, (6)

fy=hShg

B OZHOM H3 HMX MOXHO BbIAEIHTb YaCTHbIil
MHTErpaJl, onpeaenstoumii 3aBHCHMOCTS 3Hep-
THU CBSI3H OT CMEILEHNS TIPOTOHA

I =J'n sin29-d8
%0 Ji+d® —2ridcose

)

YTO0bI HE HMETb JeN10 C MIUNTHYECKUMHU
WHTErpanaM, BBIMUCIMM 3TO MHTErpai IpH-
OmixenHo. IMycts d>r > r,. B aToM ciyuae
MPOTOH MOKHAAeT COOCTBEHHYIO 060M0UKY
NEKTPOHA. BOCMO0/1b30BaBILKCH BBINHCAHHBIM
HEPABEHCTBOM, HMEEM:

14
I [ Ee———
o(d) G (8)

OHeprus NPUTSHKEHHS JBYX Pa3sHOUMEH-
HBIX 3aps/IOB yOBIBAET MO KYyJIOHOBCKOMY
3aKOHY.

B apyrom npenenshom ciyuae d < S
KOrla NpoTOH cMelaeTcs B o0lacTH Hemo-
CTYNHOM /st ABHIKEHUS 3NEKTPOHA, HMeeM:

L(d)~— ©)
2n

[1poTon moxeT cmewatbes B npeaenax pa-
anyca d < r,, NIpy1 3TOM 3HEPrusi CBA3M cybaTo-
Ma He W3MeHsieTcs.

PaccMotpum cayuaii, korna r, = d B o6na-
CTH NPOCTPAHCTBEHHOIO 3aps/a 3MeKTpoHa

Torna Bbiuncnss unrerpan (7), NOJYYHM

I(d) = —
9d

CpaBhuBas 370 BbipaxkeHHe ¢ (opMy.IOii
(8) MOXKXHO BHMZIETH, YTO 3HEPrus CBA3N B 00-
7ACTH NPOCTPAHCTBEHHOrO 3apsaaa 3eKTPoHa
yObIBA€ET N0 KYJIOHOBCKOMY 3aKOHY C HECKOJb-
KO MeHbLIHM Ko3dduuneHtoM. Mmeer mecto
«TOpPMOXKEHHE» NMPOTOHA B 00/1aCTH MPOCTPaH-
CTBEHHOro 3apsja snekTpoHa. KynoHoBckue
CHJIbl TIDUTSKEHHS (B CHCTEME KOOpAMHAT
BEPOSATHOCTHOTO LIEHTPA 3NEKTPOHA) JOMKHBI
BO3BpaLIaTh MPOTOH B o0nacTs d <r, rae Ha
NPOTOH He JAedcTBYyIOT cHibl. MHaye roeops,
MMEETCS MpPOCTPaHCTBEHHas 00NacTh YCTOl-
YMBBIX CyOAaTOMHBIX COCTOSIHMIT BOAOPOJA.

[Nepeopmarupyem ypasxenne (1) k Buny:

2 *
B All{,_ee 1 aan
2m, n

(10)

==g, W(r;)

YpasHenue (11) onuceBaeT «KynOHOB-
CKHI» aToM ¢ 3()pexTHBHBIM 3apsioM e’, Be-
JMYMHA KOTOPOrO BO3pacTaeT OT LIEHTpPa CH-
CTEMBI 10 3aKOHY:

e(n)=e(1+E -r/ée) (12)

Hns ypasrenus (11) ¢ addexTHBHBIM 3a-
paznoM (12) noka He HalIeHO aHANUTHYECKOE
pelienne. [lis OUEHKH SHEprUH CBs3u cybaro-
Ma BOCTIOJIb3YEMCS BbIPAKEHHUEM ISl SHEPTHH
CBsA3M aroMa BOJI0po/ia B BUJIE:

> 2

= St Ly (] 3)
2a me
a — 0opoBCckuii pauyc. DHeprus cBA3H B 3TOi
(opmysie 3aBHCUT OT BeMYMHBI 3hheKTHBHO-
ro 3apszia 3NeKTPOHa, KOTopas B CBOKO 0YEpe/lb
3aBHCUT OT paauyca ero Jjokanusaumu. s
cBOOOJIHOTO 3NIEKTPOHA ero coOCTBeHHas 06-
JIacTe JIOKAJM3alMH MPOCTPAaHCTBEHHOIO 3a-
psaza onpenensercs cnuHoM. B cocrase cy6a-
TOMa €ro CIHH HE J0JPKEH W3MEHSTHCS, CTANO0
ObITb, ¥ rpaHHLbI 0GTACTH NOKANTH3ALNN OCTa-
HOTCA NPAKTHYECKH HeH3MeHHBIMHU. TTonoxum
JU1Si OLIEHOK

€, =

. 2
e;a = ;—a(l +mcr [ )

n=B-hlme 3/8<B<3,85

Kosdpuunent B yunteisaer o6nacts noka-
JIM3alHA NPOCTPAHCTBEHHOTO 3apsijia cBOGOI-
HOro anektpoHa. Toraa us (14) nonygaem:

(14)
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. :,2%{“3.137):13,55 (1+B-137),3B (15)

Hns ouenku sHepruu cBs3u cybaroma no-
Jy4aem J1anasoH BO3MOKHBIX 3HAYEHMIL:

1187 < g,< 7160,3B

YTO COIACYeTCs BLIYMCACHHAMH MO TEOPHHU
BO3MylueHnii €= 3-10°, 3B. Takum obpazom,
HalileHa elle OJHA OUEHKA JHEPrUH CBA3M
cybaroma.

IIpo6aema oGpasoBanus
cyGaToMoOB BoOpO/Ia

Paccmotpum B 0Buinx yeprax npobiemy
obpaszosaHus cybGatoMoB Bojopoaa. B cucre-
M€ KOOPJMHAT, CBA3aHHOH C NPOTOHOM, 3M1eK-
TPOH J0/KEH MOANIeTaTh ¢ 3Hepruei ~ ¢ . Jla-
Jlee JIOJUKHO MpPOM30HTH pe3koe TOpMOMKEeHMHe
31€KTPOHa B 00/1acTH NOKaM3aLUMK MPOTOHA
H 3anac KMHETHYECKOH IHEPriM J0MKeH ObiTh
nepeaaH OKpyKarollel 3neKTPoHHONH checTeme
B BUJE€ MHOTO3/IEKTPOHHbBIX MOJIEKY] C BOJO-
poaom, Hampumep, LiH, win TBepaomy Temy
(aHozny), Ha MOBEPXHOCTH KOTOPOTO HAXOAUTCH
BOJIOPOA, HANPUMED, B COCTABE MOJIEKY/ BOJbI.
[Ipu 3TOM AOMKHO HaGMIOZATBCA TOPMO3HOE
usnyqenue. Ilo-Buanmomy, Takue ycnoBms
3KkcnepumenTa GeLTH cosaansl B pabote [4].

B aroii pabote onucanbl pesynsTarsl sKc-
NEPUMEHTOB MO HCCIEA0BAHHIO 37EKTpHYE-
CKUX B3pBIBOB ONBI U3 0cO00 YUCTHIX MaTe-
puanos B Bozie. buuto o6HapyxeHo nosenexue
HOBbIX XHMHYECKHX 3/IEMEHTOB M 3aperHCTpH-

POBAHO «CTPaHHOE» HM3y4YEHHE, KOTOPOe He
yAanock MAeHTH(PUUMUPOBAThL (T.e., OTHECTH
K Kakomy-7nu00 M3 M3BECTHBIX BHIOB NPOHM-
katoulei panuaumu). Hanpsiskenue Ha Garapee
KOHAEHCATOPOB, 3a CYET Paspsaa, KOTOpbIii
NPOU3BOANINCE DNIEKTPOB3PbIBbI, COCTABIS-
no = 4.8 kB. DnekrpoHbl ¢ Takoil sHeprueit
BMOTHE MOTYT CTHMYIMpPOBaTh 0OpazoBaHue
cybaromMHOro Bozopoaa B Boae. KoMnakTHOCTb
H BbICOKas SHEPrus cBA3M cy6atoMoB Bonopo-
lla MO3BOJIAET, Ha Hall B3MMIS/, NpUBIHKATLCS
UM K SApaM JpyrUx 3M1E€MEHTOB Ha 3HauYUTEe b-
HO Oosnee Onu3KME PACCTOSHMS M BCTYNaTh
C HHMH B €pHbIE peakiiuu.

Jaxkaouenue

B uenom ¢ MOMOLLLID METOAA TEOPHH BO3-
MYLIEHHH NOKA3aHo, YTO IHEprus CBA3M cyba-
TOMa BOAOpOAAa #ABIAETCH MAKCUMABLHOH mo
abCoMIOTHOI BennuMHe U yCTOluMBOI K BO3-
MOXHBIM OCLMIIAUMAM MPOTOHA B obnacty
cybaroma u yObIBaeT N0 KyIOHOBCKOMY 3aKOHY
MMPH pasneTe YacTHlL.
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